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ABSTRACT 

PURPOSE: To reduce the power consumption of the liquid crystal display 
device by providing a static memory circuit at the pixel part of the liquid 
crystal display device. 

CONSTITUTION: When a voltage pulse is applied to a gate line 4 and a 
transistor(TR) 22 turns ON, an image signal from a source line 3 is charged 
in liquid crystal 18 and the gate of a TR 21-1. When the image signal is an 
ON voltage, the liquid crystal 18 is applied with an electric field and 
changes in orientation state; and the TR 21-1 turns ON and a TR 21-2 turns 
OFF. When the voltage of the gate line 4 becomes an OFF voltage, the TR 22 
turns OFF, but the liquid crystal 18 is charged through the TR 20-2, so its 
orientation state does not change. Thus, the image signal can be supplied 
to liquid crystal cells so that the same still picture can continuously be 
displayed on the screen. 
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Specification 

[Title of Invention] Liquid Crystal Display Device 
[Summary] 

[Purpose] To reduce the power consumption of a liquid crystal display device by providing a 
static memory circuit at a pixel portion of the liquid crystal display device. 
[Constitution] Static memory circuit operations of the present invention are explained with 
Figure 1. When a voltage pulse is applied to a gate line 4 and a transistor 22 turns ON, an 
image signal from a source line 3 is charged in a liquid crystal 18 and a gate of a transistor 
21-1. When the image signal is an ON voltage, the liquid crystal 18 is applied with an 
electric field and changes in orientation state; and the transistor 21-1 turns ON and a transistor 
21-2 turns OFF. When the voltage of the gate line 4 becomes an OFF voltage, the transistor 
22 turns OFF, but the liquid crystal 18 is charged through a transistor 20-2 so that its 
orientation state does not change. The image signal can be supplied to a liquid crystal cell 
by such operations so that the same still picture can be continuously displayed on the screen. 
[What is claimed is:] 

[Claim 1] A liquid crystal display device comprising: 

a plurality of gate lines to which a first signal is supplied; 

a plurality of source lines to which a second signal is supplied; 

thin film transistors connected to the gate lines and the source lines; 

a static memory circuit in which an input image signal from the thin film transistors to a 
pixel portion is memorized; and 

liquid crystal cells which are respectively driven to display based on the input image 
signals, 

wherein a signal voltage memorized in the static memory circuit is always applied to 
the liquid crystal cell of the pixel portion. 

[Claim 2] A liquid crystal display device wherein the static memory circuit of claim 1 is 
constituted by a polycrystalline silicon thin film transistor. 

[Claim 3] A liquid crystal display device wherein a display screen can be continuously 
displayed on the screen by stopping an operation of an external controller of the liquid crystal 
display device and using the static memory circuit in which an input image signal to a pixel 
portion from a thin film transistor, when no new input image signal comes from a user or a 
system to the liquid crystal display device of claim 1. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to the liquid crystal display device, 
especially is suitable for an apparatus that is necessary to reduce the power consumption. 
For example, it can be applied to a notebook type word processor or a notebook personal 
computer driven by a battery. 
[0002] 

[Prior Art] Figure 6 shows a circuit diagram of a pixel portion of the conventional liquid 
crystal display device. Figure 6 shows an extract of one pixel portion of the liquid crystal 
display device. As shown in the Figure, a voltage pulse from a gate line 4 is applied to a 
gate terminal of a transistor 22 of the pixel portion, and the operations turning ON during 
1/(30 x the number of scanning lines) second or 1/(60 x the number of scanning lines) second 
are repeated in a cycle of 1/30 second or 1/60 second. A picture is displayed on a screen by 
writing the image signal from a source line 3 to a liquid crystal 18 during an ON condition of 
the transistor 22. 
[0003] 

[Problems to be Solved by the Invention] However, in the conventional circuit constitution, 
quantity of electricity charged in the liquid crystal 18 is attenuated by the leak current at an 
OFF condition of the transistor 22. Then, in order to prevent said attenuation, charging the 
liquid crystal 18 is repeated in a cycle of 1/30 second or 1/60 second. Therefore, even when 
a user merely watches the same picture screen of the apparatus, it is necessary to repeat to 
draw a picture on the screen at the frame frequency of 30Hz or 60Hz. Thus, it is necessary 
to operate a display controller of a video signal generator all the time and the electric power is 
always consumed in these electronic circuits, so that there is a problem that the continuous 
using time is shortened in the apparatus driven by a battery. 

[0004] Then, the present invention is accomplished in consideration of the above problems, 
and has the purpose to offer the electronic circuit supplying the image signal to the liquid 
crystal cell so as to display the same still picture on the screen continuously, even when the 
operation of the external controller of the liquid crystal display device would stop in the liquid 
crystal display device. 
[0005] 

[Means for Solve the Problems and Action] The present invention is characterized by 
comprising: a plurality of gate lines to which a first signal, for instance, a scanning signal is 
supplied; a plurality of source lines to which a second signal, for instance, a sampled pixel 
signal is supplied; thin film transistors connected to said gate lines and said source lines; a 
static memory circuit in which an input image signal from the thin film transistors to each 
pixel portion is memorized; and liquid crystal cells which are driven to display respectively 
based on the input image signals, and wherein a signal voltage memorized in the static 
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memory circuit is always applied to the liquid crystal cell in the above pixel portion. Owing 
to this constitution, in case that the same still picture is displayed continuously on the screen, 
the picture is displayed continuously on the screen by stopping the operation of the display 
controller and using the signal voltage memorized in the static memory circuit without 
inputting the image signal to the display device from outside. 

[0006] Besides, said static memory circuit is constituted by a polycrystalline silicon thin film 
transistor. 

[0007] Furthermore, in applying this circuit constitution to the information processing 
apparatus, when there is no new input image signal from a user or a system to said liquid 
crystal display device, the picture is displayed continuously on the screen by stopping the 
operation of the external controller of the liquid crystal display device and using the static 
memory circuit wherein the input image signal from the thin film transistor to each pixel 
portion is memorized. 
[0008] 

[Embodiment] 

[Embodiment 1] Figure 1 shows a circuit diagram of the first embodiment of the present 
invention. Here, transistors 21-1, 21-2 and 22 constituting static memories (hereinafter 
referred to as SRAM) are enhancement type n-type MOS transistors, and transistors 20-1 and 
20-2 are depletion type n-type MOS transistors. A gate terminal of the transistor 22 is 
connected to a gate line 4 of a liquid crystal display device, a drain terminal is to a source line 
3 of the liquid crystal display device, and a source terminal is to a static memory circuit 
constituted with the transistors 20-1, 20-2, 21-1 and 21-2. An interconnection 1 is a power 
source line of the static memory circuit, and is a voltage value charged to a liquid crystal 18. 
[0009] A signal voltage input from the source line 3 is applied to an electrode 19-1 provided 
in the liquid crystal 18, and the electric field decided by the potential difference between the 
electrode 19-1 and a counter electrode 19-2 is applied to the liquid crystal 18. 
[0010] Figure 2 shows a pattern of the pixel portion of the present embodiment. First, a 
power source line 1 and an earth line 2 are formed on a glass substrate with a high-melting 
metal thin film. Tungsten is used as the high-melting metal. Secondly, a SiO? insulating 
film is formed to the thickness of 5000 A, on which polycrystalline silicon thin film 
transistors 20-1, 20-2, 21-1, 21-2 and 22 are formed. Drain terminals of the transistors 20-1 
and 20-2 are connected to the power source line 1 through a contact hole 14, and source 
terminals of the transistors 21-1 and 21-2 are connected to the earth line 2 through a contact 
hole 16. A gate terminal 9 of the transistor 20-1 and a gate terminal 7 of the transistor 21-2 
are connected by an interconnection of gate poly-silicon. 

[0011] After forming the transistors, the gate line 4 and a line 11 which connects the gate 
terminal 9 of the transistor 20-1 and a source terminal are formed by an aluminum 
interconnection containing 1% of silicon on the SiO? insulating film formed to the thickness 
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of 5000 A. The gate line 4 is connected to a gate terminal 5 of the transistor 22 through a 
contact hole 13. The aluminum interconnection 11 is connected to the gate terminal 9 and 
the source respectively through contact holes 23 and 25. After forming the aluminum 
interconnection, a Si0 2 film is formed to the thickness of 2000A, on which an ITO electrode 
8 is formed. The ITO thin film of 1500 A is formed by the sputtering. 
[0012] Next, a Si0 2 insulating film is formed to the thickness of 3000 A, on which the source 
line 3 and an aluminum interconnection 17 are formed with the aluminum interconnection 
containing l%of silicon. The source line 3 is connected to a drain terminal of the transistor 
22 through a contact hole 15. The aluminum interconnection 17 is connected to a gate 
terminal of the transistor 20-2 through a contact hole 24, to a source terminal of the transistor 
20-2 through a contact hole 27, to a gate terminal 10 of the transistor 21-1 through a contact 
hole 26, and to the ITO electrode 8 through a contact hole 28. After forming the above 
structure, a silicon nitride thin film is formed to the thickness of 5000 A as a protective film. 
[0013] A circuit operation of the present embodiment is explained. During 1/(30 x the 
number of scanning lines) or 1/(60 x the number of scanning lines) second, the voltage pulse 
is applied to the gate line 4, and the transistor 22 turns ON. Meanwhile the image signal 
from the source line 3 is charged in the liquid crystal 18 and the gate of the transistor 21-1. 
When the image signal is an ON voltage (high), the liquid crystal 18 is applied with an 
electric field and changes in orientation state; and the transistor 21-1 turns ON and the 
transistor 21-2 turns OFF. When a voltage of the gate line 4 is an OFF voltage (low), the 
transistor 22 tums OFF, but the liquid crystal 18 does not change in orientation state because 
it is charged through the transistor 20-2. In case that the OFF voltage (low) is input from the 
source line 3 when the transistor 22 is ON, the liquid crystal 18 is not applied with the electric 
field; and the transistor 21-1 turns OFF and the transistor 21-2 turns ON. After the transistor 
22 turns OFF, the liquid crystal 18 is not applied with the electric field because it is 
discharged through the transistor 21-2 which is ON. 
[0014] 

[Embodiment 2] Figure 3 shows a circuit diagram of the second embodiment of the present 
invention. It is really as same as the first embodiment except changing the combination of 
the depletion type n-type MOS transistor and the enhancement type n-type MOS transistor 
constituting SRAM in the first embodiment, to the combination of the enhancement type 
p-type MOS transistor and the enhancement type n-type MOS transistor. Here, the 
transistors 20-3 and 20-4 are enhancement type p-type MOS transistors; the transistors 21-1, 
21-2 and 22 are enhancement type n-type MOS transistors, and the circuit operation is the 
same as that of Embodiment 1. 
[0015] 

[Embodiment 3] Figure 4 shows a circuit diagram of the third embodiment of the present 
invention. Here, the present invention is applied to a simple matrix type liquid crystal 
display device. Reference numeral 29 is a signal line, 30 is a horizontal scanning line. 
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transistors 20-3 and 20-4 are enhancement type p-type MOS transistors, and transistors 21-1 
and 21-2 are enhancement type n-type MOS transistors. In the same way as Embodiment 1, 
when an ON voltage (high) is input from the signal line 29, the liquid crystal 18 keeps ON by 
operating a memory circuit; when an OFF voltage (low) is input, it keeps OFF. 
[0016] Figure 5 shows a system constitution of an information processing apparatus using the 
above liquid crystal display device. A requirement signal from a user 31 is sent to a CPU 33 
of a system through an interface 32 (for instance, a mouse, a pen, a keyboard, etc.). A series 
of processing are performed between the CPU 33 and a memory 34 etc. In case that a result 
needs to display to a liquid crystal display device, image data and a signal to a controller are 
sent to a display controller 35. The controller sends the signal to a liquid crystal display 
device 36 based on these data. In case that there is no input from the user 31 for the regular 
time (it can be set at random) in the present system, an operation stopping signal is sent to the 
controller 35 to stop the operation of the controller 35 in order not to consume an electrical 
power. Meanwhile, the liquid crystal display device 36 keeps displaying a picture until then 
on the screen using a memory function of the present invention. When an input from the 
user, the operation of the controller starts again and drawing a picture is performed. 
[0017] 

[Effect of the Present Invention] According to the present invention, it is able to reduce the 
power consumption of an apparatus with a liquid crystal display device driven by a battery 
and use continuously for a long time by the battery. 
[Brief Description of the Drawings] 

[Fig. 1] A circuit diagram of a pixel portion in a liquid crystal display device of Embodiment 

1 in the present invention. 

[Fig. 2] A pattern of a pixel portion in a liquid crystal display device of Embodiment 1 in the 
present invention. 

[Fig. 3] A circuit diagram of a pixel portion in a liquid crystal display device of Embodiment 

2 in the present invention. 

[Fig. 4] A circuit diagram of a pixel portion in a liquid crystal display device of Embodiment 

3 in the present invention. 

[Fig. 5] A schematic view using a liquid crystal display device of the present invention. 
[Fig. 6] A circuit diagram of a pixel portion of the conventional liquid crystal display device. 

[Description of Marks] 

1. power source line 

2. earth line 

3. source line 

4. gate line 

5. 7. 9. 10. gate terminal 
8. ITO electrode 
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12. 13. 14. 15. 16 contact hole 
11. 17. aluminum interconnection 

18. liquid crystal 

19. electrode 

20-1. 20-2. depletion type n-type MOS transistor 

20- 3. 20-4. enhancement type p-type MOS transistor 

21- 1. 21-2. 22. enhancement type n-type MOS transistor 
23. 24. 25. 26. 27. 28. contact hole 

29. signal line 

30. horizontal scanning line 

31. user 

32. interface 

33. CPU 

34. memory 

35. display controller 

36. liquid crystal display device. 
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